Adenoviral infection in sheep is common, and to date, six ovine adenovirus serotypes have been isolated from healthy and diseased sheep.l Adenoviruses serologically indistinguishable from bovine adenoviruses have also been recovered from sheep.' Naturally occumng or experimental adenovirus infections in sheep have caused lesions mainly in the respiratory tract, but adenovirus-induced inclusion bodies have also been reported in hepatocytes of naturally infected lambs.9 This communication describes a novel adenoviral disease in a lamb, characterized by intranuclear inclusion bodies in interstitial cells of kidney and spleen.
taraldehyde and then in 1% osmium tetroxide, and embedded in epoxy resin. Ultrathin sections were stained with lead citrate and uranyl acetate. Paraffin processed sections of kidney were stained immunocytochemically for adenoviral antigen. An antiserum raised in rabbits against bovine adenovirus serotype 7 ' O was absorbed with normal ovine kidney and used as primary antibody. Specificity of the absorbed adenovirus antiserum was retested as beforelo and additionally on kidney from lambs dead from other causes. Reagents supplied in a commercially available avidin-biotin-peroxidase complex system (Vectastain Elite Kit, Vector Laboratories, Peterborough, England) were also used. Endogenous peroxidase activity was first blocked using 0.5% hydrogen peroxide in methanol for 20 minutes. After washing them in tap water, the test sections were subjected to 0, 5, 10, 15,20, or 30 minutes protease XIV (Sigma Chemical Company, Poole, Dorset, England) digestion, washed in Tris-buffered saline, and incubated in 2% normal goat serum for 15 minutes. Following overnight incubation with the adenovirus antiserum, sections were washed in Tris-buffered saline, incubated with 0.5% biotinylated goat anti-rabbit IgG for 30 minutes, washed again in Tris-buffered saline, and then incubated with avidin-biotin-peroxidase complex reagent in carbonate buffer (pH 9.4). The substrate (DAB-H,O,) was added for 7 minutes and sections were lightly counterstained with hematoxylin. Formalin-fixed paraffin sections of bovine intestine infected with adenoviruslO were used as positive controls.
On histopathologic examination of the kidney, numerous, markedly enlarged nuclei with marginated chromatin and large amphophilic or basophilic inclusion bodies were seen in cortical interstitial cells (Fig. 1) . The morphology and distribution of these cells were suggestive of their being fibroblasts. Inclusion bodies were not seen in glomerular or tubular epithelium or in vascular endothelium. There were mild, multifocal, purulent, interstitial infiltrates. A few tubules in both the cortex and medulla had intraluminal, eosinophilic, proteinaceous material. Occasional cortical tubules also contained neutrophilic cellular exudate. Some proximal and distal convoluted tubules were necrotic. Similar large intranuclear inclusion bodies in interstitial cells and foci of lymphocyte necrosis were seen in the spleen. A few cells within the hepatic sinusoids contained similar inclusion bodies, but due to the pronounced karyomegaly, it was not possible to determine whether these were lining cells or cells free within the lumen. Inclusions were not detected in hepatocyte nuclei. There were occasional small aggregates of neutrophils in hepatic sinusoids. The intestinal mucosa was autolytic, and no villous enterocytes remained. A few small submucosal hemorrhages and small aggregates of degenerating leukocytes were observed in the submucosa. Mesenteric lymph node and the heart appeared normal.
Ultrastructurally, four types of intranuclear inclusions were recognized: pale, particulate ( Fig. 2) ; irregular, amorphous, moderately electron-dense ( Fig. 2) ; well-circumscribed, homogeneous, moderately electron-dense ( Fig. 3 ); and small electron-dense. Most affected nuclei also contained viral particles, approximately 65-75 nm in diameter, with typical adenovirus morphology; however, many affected nuclei con- tained very large homogeneous inclusions and no viral particles ( Fig. 3 ). In these nuclei, the chromatin was condensed but was not always marginated. Cytoplasmic viral particles were present in a few degenerate cells, whose cell-type could not be identified. Viral particles were not observed in tubular epithelial cells.
Some affected nuclei were stained diffusely by the immunoperoxidase technique for adenovirus. In others, the periphery of the nucleus was stained, while others were unstained. This pattern of distribution corresponded with that of the viral particles seen by electron microscopy.
The histologic and ultrastructural morphologic findings and immunocytochemical reaction indicated an adenoviral in- fection that mainly affected the kidney. There have been many studies of adenoviral infection in lambs, but associated intranuclear inclusion bodies have only been recognized in the kidneys by two groups of re~earchers.~.~ In their studies, the renal inclusions differed from those in the present case in both the cell type affected (tubular epithelial) and in their small size. Intranuclear inclusions associated with naturally occurring adenoviral infection have been reported in renal vascular endothelium in dogs, cattle, and pig^,^,^,' in tubular epithelium in birds,6 and in the epithelium of the renal pelvis in the horse,S but there do not appear to be any reports of adenoviral inclusions in renal interstitial cells of naturally infected animals. It is possible that the disease in our lamb was caused by a serotype of adenovirus not previously associated with sheep or, alternatively, that unknown factors influenced the outcome of the infection. The overall incidence of this condition is unknown, but adenoviral infection should be considered as a possible cause of interstitial nephritis in sheep. Oncocytomas are tumors composed of oncocytes, large epithelial cells with a granular eosinophilic cytoplasm due to abundant mitochondria. In human beings, oncocytomas have been observed in various organs, such as the salivary gland,I0 thyroid,' pituitary: and kidney.2 On the other hand, such tumors are very rare in other species. Several laryngeal oncocytomas were reported to occur spontaneously in dogs,8 but they were later found to be rhabdomyoma~.~ In rats, the spontaneous occurrence of oncocytoma has not been described, but renal oncocytomas have been induced in rats with cycasin3 and N-nitro~omorpholine.~ We found a subcutaneous tumor resembling the human oncocytoma in the pinna aurium of a rat used for a long-term feeding study. This report describes the light microscopic and ultrastructural features of that tumor.
This oncocytoma-like tumor occurred in a specific pathogen-free Wistar male rat purchased from the Japan Center for Laboratory Animals. This rat was an animal from the low dose group in a chronic toxicity/carcinogenicity study in which a certain pesticide was administered in the diet to groups of 60 males and 60 females at concentrations of 0 (control), 50, 500, and 5,000 parts per million for up to 104 weeks. Because it survived after the termination of the feeding study, the rat was euthanatized when it was 109 weeks old. Macroscopically, the oncocytoma-like tumor was observed as a white, subcutaneous nodule, 3 mm in diameter, in the left pinna. No gross abnormality other than this pinnal tumor was found in this animal. This pinnal tumor was considered to be spontaneous, since the incidence of tumors observed in the treated groups was not statistically significant as compared with that of the control group.
The left pinna with the oncocytoma-like tumor mass was fixed in 10% neutral buffered formalin and embedded in paraffin. For light microscopy, sections were stained with hematoxylin and eosin, periodic acid-Schiff, azocarmine G and aniline blue, and Wilder's retinculin stain. For electron microscopy, a part of the formalin-fixed tissue of the mass was transferred to 2% glutaraldehyde in cacodylate buffer for 12 hours. Then the tissue was post-fixed in 1% osmium tetraoxide for 2 hours, dehydrated in a graded series of ethanol, and embedded in Epon 8 12. Ultra-thin sections were stained with uranyl acetate and lead citrate and examined with a transmission electron microscope.
Light microscopically, the tumor was observed as a solid mass in the subcutis (Fig. la) and was sharply demarcated from the adjacent tissues but not encapsulated. The tumor mass was divided into two portions by the pinnal cartilage, but no invasive growth indicating destruction of the cartilage, sebaceous gland, or epidermis was seen. The tumor was composed of sheets of closely packed, large polygonal cells with a large ovoid vesicular nucleus and abundant eosinophilic granular cytoplasm (Fig. 1 b) . There was no consistent cell arrangement. The granular cytoplasm of the tumor cells stained negatively with the periodic acid-Schiff technique. Fine reticulin fibers were visible between the tumor cells in sections stained by Wilder's technique. These fibers either invested individual tumor cells or entwined around small groups of tumor cells. In addition to this pinnal tumor, the following findings were seen in this rat: hepatic clear cell focus, chronic nephropathy, testicular arteritis, muscular degeneration of the triceps surae muscle, cataract, retinal atrophy, and nerve fiber degeneration of spinal nerve roots and the sciatic nerve. No tumor other than this pinnal tumor was found.
Electron microscopic observation revealed that tumor cells were closely apposed to each other in most of the area. The tumor was comprised of two types of cells. The first cell type had abundant filaments and numerous mitochondria in the
